increased excretion of taurocholic acid and diminution of the amount of free cholic acid.
The bile fistula dog will produce taurocholic acid indefinitely and in abundance when fed a non-protein diet supplemented by 20 gm. of Amigen and 2 gm. of methionine.
Methods
The bile fistulas were produced by a modification of the method of Rous and McMaster as described by Smith, Groth, and Whipple (12) , or by inserting a Murphy catheter into the gall bladder with ligation and severance of the common bile duct. This latter method is superior to the glass canula in the common bile duct as the catheter remains in place and does not clog readily with inspissated material. Under sterile conditions the catheter may be irrigated and cleaned out as occasion demands. With proper care, sterile bile can be obtained from these animals for periods of months.
The method of bile salt analysis is a modification of that devised by Foster and Hooper. ~In brief, it is an estimation of the amino nitrogen by the method of Van Slyke following the breakdown of taurocholic acid by alkaline hydrolysis. The technique is described in detail by Smith, Groth, and Whipple (12) .
Cholic acid was determined using the colorimetric method of Irvin, Johnston, and Kopala
(7).
During the experimental periods the dogs were maintained on a basal non-protein diet mixture containing dextrose, 73 per cent; Mazda oil, 6.3 per cent; lard, 12.5 per cent; Wesson salt mixture, 3.1 per cent; bone ash, 3.1 per cent; and cod liver oil, 2 per cent. Ten cc. of a multiple vitamin mixture (Lilly) was added to the food each day. About 20 gin. per kilo of body weight of this diet was fed each day. The dogs would refuse to eat the diet after 1 to 3 weeks whereupon spoon feeding was resorted to with lint little dif~culty although it was necessary to feed the diet in split portions four to five times a day. In later experiments, the lard portion of the diet was replaced by a caloric equivalent of starch. Although this diet would also be refused, it was possible to spoon feed it at one sitting.
The mixture of pure amino acids was made up fresh daily by dissolving the acids in 150 cc. of hot distilled water. The solution was injected subcutaneously over a period of 30 to 45 minutes in the morning in order that any benefit might be apparent in the collection of bile made the following morning at 9 o'clock. The mixture was composed of the ten amino acids found by Rose (10, 11) to be essential for growth plus glyclne. The amounts of each acid were ones determined by Madden e~ al. (8) to be efficient in maintaining nitrogen equilibrium with excellent plasma protein production with no other source of protein supplied. The daily mixture was: dl-threonine 1.4 gin., dl-valine 3.0 gin., dl-leucine 3.0 gin., dl-isoleucine 2.0 gin., l (+) lysine 2.2 gm., dl-tryptophane 0.6 gm., dl-phenylalanine 2.0 gin., dl-methionine 1.2 gin., l (+) histidine 1.0 gm., l (+) arginine 1.0 gin., and glycine 2.0 gm. Total 19.4 gm. of amino acids.
The Vuj-N-ix mixture of amino acids (Merck) is a mixture of two fractions of a casein hydrolysate fortified with d2-tryptophane and dl-methionine. 20 gin. of this mixture contains the following quantities of these amino acids: threonine 0.3 gin., valine 1.06 gin., leuclne 3.44 gm., isoleucine 1.48 gin., lysine 1.8 gm., tryptophane 0.18 gin., phenylalanine 1.2 gin., methionine 1.7 gin., histidine 0.6 gin., arginine 1.0 gin., glyclne 4.92 gin. Total 17.68 gin. of amino acids. The remaining 2.32 gin. represents 0.18 gin. of d-tryptophane, 0.54 gm HC1, and 1.6 gm. of unknown constituents, possibly non-essential amino acids. This mixture of amino acids made up previously with pure amino acids had been demonstrated in this laboratory to be effective in plasma protein production (9) .
Liver extract was a concentrated liver extract containing 15 units per cc. (Eli Lilly Company).
The vitamin mixture, also supplied by Eli Lilly Company, furnished in 10 cc. the following: vitamin A 5000 units, vitamin D 500 units, tocopherols, natural 50 rag., thiamine hydrochloride 6 mg., riboflavin 6 rag., pyridoxine hydrochloride 5 rag., pantothenic acid (as calcium pantothenate) 5 rag., nicotinamide 50 mg., ascorbic acid 50 mg., inositol 200 rag., paraminobenzoic acid 50 mg., 2-methyl-i, 4-napthoquinone 1 rag., rice bran concentrate 1 gin., choline dihydrogen citrate 1 gin., linoleic acid 500 rag.
RESULTS
We have found repeatedly that the taurocholic acid production of the fistula dog fed the non-protein diet eventually fell gradually to between 100 and 200 rag. of bile salt a day. The length of time required for this low value to be reached varied from dog to dog and was probably at least partially dependent on the diet the dog had been receiving previously. Seven to 14 days of the basal diet generally resulted in the attainment of the low value. Six dogs eliminated between 103 to 165 mg. of taurocholic acid daily when this basal level had been reached. Because of this experience, we did not always wait for the dog to reach this low level before starting an experimental period. This was done as a matter of expediency because of the necessity of spoon feeding and also because of the desire of not keeping the dogs without protein for too long a period.
In the first group of experiments the dogs were fed the non-protein diet and vitamin mixture with the amino acids administered subcutaneously. Table  I is illustrative. Since the experimental periods are of many days' duration, we have combined 2 days' values and given the cubic centimeters of bile volume and the milligrams of taurocholic acid expressed as average 24 hour production. It should be remembered, in studying the tables, that the figures for volume of bile and milligrams of taurocholic acid are a reflection of dietary intake of the previous day, as the bile is collected every morning at 9 a.m. Dog 44-151 had received a diet of kitchen scraps following operation and on February 24th it had excreted 1284 rag. of taurocholic acid. Eight days of the nonprotein diet caused a reduction to 569 rag. with decreased bile volume. Undoubtedly the level would have fallen lower than this ff we had waited a few days longer before commencing the experiment as amounts as low as 108 rag. were subsequently obtained. Promptly following the daily subcutaneous injections of the mixture of amino acids the taurocholic acid and the bile volume increased and this higher excretion was maintained for 12 days after which it returned to the starting level. On the 1 day of non-protein diet, alone, the cholate production fell to 242 rag., but on addition of 1 gin. of cholic acid and 1 gm. of cystine to the diet bile acids immediately increased to a high of 1404 rag.; methionine, 1 gm., was as effective as the cystine. These two acids are utilized to form the necessary taurine for conjugation with cholic acid. The cholagogic effect is apparent in the increased bile volume. Aminoids, a casein digest, proved ineffective over a 4 day period with only basal amounts of murocholic acid being eliminated.
Similar results obtained with dog 43-20 are shown in Table II . With the non-protein diet alone, the taurocholic acid output per 24 hours decreased to Dog 44-151 542 rag. with prompt increase in the amount excreted when the amino acids were given subcutaneously. On 4 days the amino acid mixture was given in double the original amount but there was no further elevation in the amount of bile acid excreted. The increased amino acids were given in divided doses: one-haft in the morning and one-haft in the afternoon. One sees prompt reduc¢ tion on the day when only the non-protein diet was fed. Amino acids subcutaneously with 1 gm. of cholic acid added to the diet make an effective combination as there is both increase in the bile volume and in its cholate content.
Dog 44-132 (Table HI) produced 2440 rag. of taurocholic acid when eating kitchen scraps but decreased its output to 862 rag. after only 6 days on the Don-protein diet. The amino acids were given subcutaneously and after 5 days it excreted an average of 1228 rag. for 2 days and the amount then tended to decrease. Since the ten amino acids did not sustain the bile salt output, we added several "non-essential" amino acids to determine whether increase of nitrogen and a greater variety of amino acids might be of benefit. Those that were soluble were added to the solution of "essential" amino acids for subcuDog 43-20 taneous injection; the remainder were added to the food. The ones added to the solution were d/-serine 1.0 gin., l (-) hydroxyproline 1.0 gin., and d/-alanine 0.8 gin.; to the food were added l (--) cystine 0.5 gin., l (--) tyrosine 0.5 gin., glutamic acid 0.5 gm., and aspartin 0.5 gin. This mixture of amino acids caused a secondary rise but this was not as high as the initial increase with just the essential acids; and it was likewise not sustained. Cholic acid, 1 gin., added to the above diet brought an immediate and marked elevation to a high of 2028 rag., an amount comparable to that to be obtained from a meat diet. This may be due to combination of methionine and cystine of the diet with the cholic acid. The following 2 days show an average of 1377 rag. which is still a considerable amount above the basal output of this dog, 200 nag.
In another experiment (dog 43-214, Table IV ) we see again increased excretion of taurocholic acid following subcutaneous injection of the mixture of essential amino acids, but it is not a sustained increase and the addition of extra tryptophane proved of no benefit. The output decreased steadily toward the basal output. Tryptophane was increased as previously it had proved effective in producing bile salts when fed with gelatin (14) . Dog 44-132 In still another group of experiments we modified the non-protein diet with replacement of the lard by a caloric equivalent of cornstarch. This was done because fats are not well utilized by the bile fistula dog and we felt that the animal would get more benefit from a less fatty diet. The amino acid mixtures were added to the diet rather than being given subcutaneously. The amino acids were given as a modified casein digest called Vuj-N-ix, furnished by Merck and Co. This mixture is described above. It had been demonstrated by Madden et al. (9) to be very effective in producing plasma proteins. Dog 48-28 on this basal diet plus casein digest, (Amigen), 20 gin. and methionine 2 gm., maintained its weight of 14.2 kilos and was in excellent condition for a period of 11 months with no fatty material other than that in Mazola oil and cod liver oil. Table V illustrates a good experiment. Again we have given in the table the average bile volume and bile acid production per day for 2 day periods to conserve space. There is prompt fall in taurocholic acid output after the dog was placed on the non-protein diet but immediate increase followed the addition of 20 gm. of the Vuj-N-IX mixture of amino acids. The increased production was maintained for 16 days and then 20 gin. of Amigen was substi- tured for the Vuj-N-ix mixture with immediate decrease in the amount of taurocholic acid excreted to the very low value of 149 rag. (Amigen was used in the remainder of this experiment and in the two following, as the supply of Vuj-N-ix mixture was exhausted and no more could be obtained at that time.) Three cc. of liver extract (Lilly Co.) was added to determine whether it might exert an effect. Although taurocholic acid output continued at a low level, there was a conspicuous increase in bile volume. We had seen a similar increase when cholic acid had been added to the diet and consequently we thought it best to analyze the bile for total chol c acid. The table shows that much cholic acid was being produced. Since Antigen contains only one-half the amount of meth'onine that is present in the Vuj-N-ix mixture it seemed Dog 48-28 likely that there was a lack of methionine to furnish the necessary taurine for conjugation. The data given in Table VI show the effects of adding 1 gin. of methionine in addition to the 20 gin. of Amigen. One sees that in the first few days much less taurocholic acid is formed than cholic acid but then there occurs an increase in taurocholic acid excretion with a lowering of the free eholic acid component. The free cholic acid is determined by converting the taurocholic acid value to equivalent value of cholic acid using the factor, 799, derived by dividing the molecular weight of cholic acid by that of taurocholic acid. When Dog 48-28 acid, but to a lesser degree. The dog still continues to form a moderate amount of cholic acid. When 2 gin. of methionine is added to the food, the amount of taurocholic acid approaches the level of the cholic acid, indicating again that when taurine is being produced it conjugates with any cholic acid formed. Production does not equal that seen with Amigen and methionine, however, as shown in the data for the first few days.
In several of the above experiments liver extract was added to the diet but it had no effect on cholic acid or taurocholic acid production. This fact is brought out clearly in Table VIII. In the fore part of the experiment there is an excellent excretion of taurocholic acid with practically no free cholic acid in the bile when Amigen was supplemented with methionine. Upon the addition of the liver extract there is no alteration in the amount of conjugated bile acid formed. alone causes a marked decrease in taurocholic acid excretion, but allows abundant free cholic acid in the bile. When methionine is added, there immediately follows an increase in taurocholic acid with marked decrease in the free cholic acid. Amigen contains about one-half as much methionine as the Vuj-N-ix casein digest mixture. Supplementation of Amigen by 1 to 2 gin. of methionine allowed adequate formation of taurine for conjugation with the free cholic acid. It has long been recognized that cystine (6) in the diet is necessary for taurine formation, and Virtue and Doster- Virtue (17) have demonstrated that methionine can replace cystine.
From where does this cholic acid come? Block and his associates (1) have shown that cholesterol is converted into cholic acid, and that cholesterol can be synthesized from acetic acid (2--4). Sonderhoff and Thomas (16) have also concluded that acetic acid is directly converted into sterols. Whipple and Smith (13, 15) after detailed study came to the conclusion that proteins are essential for taurocholic acid production. Our data support this conclusion since Amigen supplemented with methionine promoted taurocholie acid formation indefinitely. Cholesterol may he converted into cholic acid, but proreins cannot be excluded from the picture entirely.
The fact that casein digests are effective for long periods while the mixture of the ten pure amino acids is effective for a limited time only indicates that there is some factor in the digests necessary to sustain the production. Further experiments are in progress attempting to establish the relationship of proteins and cholesterol in bile acid formation.
During the course of the experiments we had occasion to run paper chromatographs (5) on samples of the bile filtrate following precipitation of proteins by hot ethanol. It was discovered that minute traces of valine, glutamic acid, aspartic acid, and taurine occurred in samples of the unhydrolyzed alcoholic filtrate. When a similar filtrate was hydrolyzed with hydrocholic acid, large amounts of taurine with significant amounts of the following amino acids were found in the chromatogram: leucine, valine, alanine, glycine, serine, glutamic acid, and aspartic acid. This fact means that our figures for taurocholic acid are somewhat higher than they should be, since some of the nitrogen would be coming from the other amino acids present in the bile. Just how large an error is created by the extra amino acids has not been determined. However, judging from the size of the amino acid spots and the intensity of the ninhydrin color as compared with the size and intensity of the taurine spot, one would estimate that 10 per cent of the nitrogen might have come from the free amino acids. The pattern of the amino acids found suggests that there are in bile polypeptides that are extracted by the hot alcohol. If protein were being incompletely precipitated, one would expect to find on hydrolysis other amino acids in addition to those found.
SUMMARY
A non-protein diet supplemented with vitamins fed to a bile fistula dog caused marked reduction in cholic acid and tanrocholic acid formation.
A mixture of pure amino acids, essential for growth, promoted taurocholic acid production for a limited period.
A mixture of amino acids composed of 2 fractions of a casein digest fortified with dl-methionine and d/-tryptophane, (Merck Vuj-N-ix), also resulted in increased taurocholic acid excretion.
A casein digest, Amigen, supported cholic acid production, but there was very low taurocholic acid excretion. Addition of methionine to the Amigen brought about increased taurocholic acid excretion with reduction in the amount of free cholic acid in the bile.
A bile fistula animal was maintained for a year in excellent condition and produced bile salt on a non-protein diet supplemented by vitamins, Amigen, and methionine.
Unhydrolyzed alcoholic filtrate of bile contained traces of tanrine, valine, glutamic acid, and aspartic acid.
Acid-hydrolyzed alcoholic filtrate of bile contained large amounts of taurine, and significant amounts of leucine, valine, alanine, glycine, serine, glutamic acid, and aspartic acid.
